Globally, plant-derivatives especially cereals and legumes are the major staple food sources for animals. The seeds of these crops comprise of phytic acid, the major repository form of the phosphorus, which is not digestible by simple-stomached animals. However, it is the most important factor responsible for impeding the absorption of minerals by plants that eventually results in less use of fertilizers that ultimately cause eutrophication in water bodies. Although abundant phosphorus (P) exists in the soils, plants cannot absorb most of the P due to its conversion to unavailable forms. Hence, additional P supplementation is indispensable to the soil to promote crop yields which not only leads to soil infertility but also rapid depletion of non-renewable P reservoirs. Phytase/phosphatase enzyme is essential to liberate P from soils by plants and from seeds by monogastric animals. Phytases are kind of phosphatases which can hydrolyse the indigestible phytate into inorganic Phosphate (Pi) and lower myo-inositol. There are several approaches to mitigate the problems associated with phytate indigestibility. One of the best possible solutions is engineering crops to produce heterologous phytase to improve P utilization by monogastric animals, plant nutrition and sustainable ecological developments. Previously published reviews were focused on either soil phytate or seed-phytate, related issues, but this review will address both the problems as well as phytate related ecological problems. This review summarizes the overall view of engineered phytase crops and their role in sustainable agriculture, animal nutrition and ecological development.
Introduction
Globally, plant derived food products are the basic staple food for animals, which comprising of vital sources of carbohydrates, vitamins, protein, dietary fiber, and nonnutrients (Kumar et al. 2010 ). Among these food sources, cereals, legumes and oilseed crops are produced over 90% of the world's harvested area (Reddy et al. 1989 ). In developing nations, cereals and legumes are the major food sources which contain abundant amount of phytic acid (Gupta et al. 2015) . Phytic acid is the major repository form of phosphorus (P) in plant seeds and it has a substantial adhering affinity to cations and forms insoluble phytate salts in solution (Erpel et al. 2016) . Phytic acid being negatively charged has a strong chelation property and chelates positively charged minerals such as calcium, magnesium iron and zinc present in food (Kumar et al. 2010; . This results in micronutrient malnutrition among populations whose staple food constitute grain and legume based diets (Reddy et al. 2013 ). Ruminant animals have limited ability to digest the phytic acid, therefore, extrinsic phytase is indispensable for swine, poultry, fish, including human (Lei et al. 2013) . The livestock industry, such as poultry and swine where the grain and legumes are used as major diet ingredients, often releases excessive amounts of phytates to the environment and causes phosphorus eutrophication (Bohn et al. 2008) .
Although abundant amount of P exists in soils, plants cannot acquire it due to its conversion to insoluble phytate forms (Sharma et al. 2013) . Phytate (myo-inositol hexakis phosphate) is a major phosphorus repository molecule in the soil, derived from plant remnants and animal compost (Gerke 2015) . P is an essential plant macronutrient which limits agricultural production on a global scale (Ramaekers et al. 2010) . Hence, to promote crop yield, application of Pi is indispensable even though expensive (Azeem et al. 2015) . Seldom plants could use 30% of the applied Pi; High Pi concentrations in water bodies lead to eutrophication when Pi rich topsoil's are washed away to aquatic bodies (Holford 1997) . Repeated application of Pi causes soil infertility as well as rapid depletion of non-renewable limited P reserves (Sharma et al. 2013) . Therefore, efficient P utilization is essential for sustainable development and to avert the adverse environmental effects (Scholz et al. 2015) . Hence, conversion of existing phytate-P complex of the soil into plant accessible orthophosphate would mitigate P related obstacles.
There are several approaches to mitigate the above problems, but the simple sustainable solution is exudation of phosphatases or phytases, which catalyse the hydrolysis of Phytate-P, is a potentially important way for plants to raise P availability (Richardson et al. 2004 ). For P bioavailability and to dilute the eutrophication, microbe derived phytase is commonly added to the feed in areas where intense pig and poultry production is carried out (Brinch-Pedersen et al. 2002) . However, commercially available phytase is expensive and its manufacturing is time consuming. Thus, to alleviate the mentioned problems, plants can be engineered with an ideal phytase for targeted spatial expression. Transgenic plants expressing adequate phytase could replace additional supplementation of P to monogastric animals as well as it would make P accessible to plant from soil containing phytate-P complex. Engineering crop plants and to employ them as bio reactors, with over-expression of phytase enzyme would address several issues such as sustainable agriculture, monogastric animal nutrition, and ecological development. The review summarizes engineering crop plants with phytase enzyme in various plant tissues, and the potential applications of this knowledge in managing sustainable agriculture animal nutrition and ecological development.
Source and classification of phytases
Phytase enzyme belongs to phosphatase family that dephosphorylates inositol hexakis phosphate (IP6) into lower myo-inositiol and inorganic phosphorus sequentially (Yao et al. 2012) . Phytases ubiquitously exist in the nature. It is found in plants, micro-organism and animals and it was first identified in rice bran (Suzuki et al. 1907 ) and subsequently it was reported in calf blood by McCollum and Hart (1908) . Phytases are broadly classified on two basis; depending on the site where dephosphorylation of the phytate molecule initiates and on the basis of pH (Rao et al. 2009 ). On the basis of hydrolysation initiation site of the phytate, it has been classified into three groups namely, 3-phytases, 6-phytases, and 5-phytases (Yao et al. 2012; Reddy et al. 2013) . The 3-phytases (EC 3.1.3.8) are the major categories of phytases and are notably found in fungi and bacteria in the form of histidine acid phosphatases. Fungal phytses have broad substrate specificity and acidic pH profile. Phytases belonging to Aspergillus niger, Neurospora crassa, Pseudomonas, Klebsiella sps, Bacillus sps, M. thermophila, E. nidulan, T. thermophilus start the hydrolysis at third phosphate group (Sajidan et al. 2004; Rao et al. 2009 ). On the other hand, phytases belonging to most of the plants, E. coli, Paramecium and human lysosome, start hydrolysation of phytate at the sixth phosphate group (EC 3.1.3.26), whereas 5-phytases (EC 3.1.3.72) from Medicago sativa, Phaseolus vulgaris, lilly pollen and Pisum sativum start the hydrolysis at the fifth phosphate group (Rao et al. 2009; Gupta et al. 2015) .
On the basis of catalytic mechanism, phytases can be classified into three groups (Tye et al. 2002) , i.e., Histidine Acid Phosphatase (HAP) (E.C.3.1.3.2) b-propeller phytases (BPP) (E.C.3.1.3.8) and Purple Acid Phosphatases (PAP) (E.C.3.1.3.2). Histidine Acid Phosphatases are the first commercialized phytases from fungi and it comprises commonly shared active catalytic dipeptide (RHGXRXP) (Singh and satyanarayana 2015) . Almost every plant constitutes Purple acid Phosphatases, the name derived due to its colour, when binuclear center of metal ions (Fe-Zn or Fe-Mn) transfer charge from tyrosine residue to chromophoric ferric ion conferring purple colour to the solution (Zamani et al. 2014) . PAPs with phyatse activity appear to be restricted in plants. The first PAP gene described (GmPhy) and was isolated from soybean (Gibson and Ullah 1988) . Second major characterized phytases are alkaline phytases from Bacillus which are also known as b-propeller phytase, containing 6 blades architecture, and its enzymatic activity is dependent on calcium. These enzymes are also known as alkaline phosphatase due to their alkaline pH .
Ideal phytase for transgenic plant expression
GM phytase crops ultimate aim is either to improve the soil P acquisition to the plants or animal food/feed amelioration. Ideal phytase for transgenic plant expression depends on target of application. For example for root expression, it depends on soil pH, isoelectric point, whereas in seed, it is essential to employ the tri or tetra phosphate myo-inositol produced phytase from IP6. If it is in leaf and for animal feed targeting, it should have ideal industrial phytase qualities such as low pH and high thermos ability.
Root expression for soil P targeted application
Phytases have been employed for root expression to mitigate the P related problems like additional P supplementation, eutrophication, and efficient utilization of soil available P. Lower isoelectric point (pI) is recommended for root expression, for example, Peniophora lycii pI (3.6) of phytase was more effective to hydrolyze the soil phytate than higher pI possessing A. niger phytase having pI of 5.0 (George et al. 2007) . At lower soil pH, phytate can easily bind to Al 3? , Fe 3? whereas, at higher soil pH, phytase will bind to Ca 2? (Gyaneshwar et al. 2002; Azeem et al. 2015) . Therefore, Apergillus niger is ideal for root expression in acidic soils while, Bacillus subtilis phytase is preferable to engineer plants that grow on basic soils.
Seed expression for animal nutrition targeted application
For animal nutrition, phytase is majorly expressed in seed and leaf and it should retain industrial phytase qualities and ensure degradation of phytate till tri-or di-inositol phosphate. Complete degradation of seed phytate would lead to seed in-viability, therefore, Bacillus phytase is suitable as it dephosphorylates till tri-my inositol. Lower myo-inositol (tri-myo-inositol) plays a crucial role in many metabolic signaling pathways. Thus, complete degradation of phytate may affect plant growth and ultimately crop yield (Rao et al. 2009 ). Phytase from A. niger is suitable for gastric pH but it will hydrolyze the phytate completely. Poultry feed comprises abundant of Ca; hence Bacillus subtilis phytase is opted due to its strict substrate specificity to Ca ?? (Lei et al. 2013 ) and for aquaculture (agastric fish) target also it is ideal due to its functioning, in alkaline pH (Kumar et al. 2012) . However, single phytase may not satisfy the all desired qualities, hence it is essential to look for new phytases or tailoring existed phytases with desired qualities. Therefore, for expressing phytase in crop plants it is essential to employ them according to the target of application.
Prominence of transgenic phytase plants in sustainable animal nutrition, agriculture and ecological development
There are several approaches to improve P bioavailability for plant, animals and to mitigate the P pollution. The strategies include, phytase enzyme addition to the animal feed (Lei et al. 2013) , feed soaking in water (Lott et al. 2000) , breeding of lower phytic acid crop varieties , production of transgenic animals that excrete phytate (Golovan et al. 2001) , engineering plants with phytase enzyme (Brinch-Pedersen et al. 2002; Wang et al. 2013) . Solubilization of soil phytate by microorganism is another strategy for P solubilization in soil (Sharma et al. 2013) . Except creation of transgenic plants over-expressing phytase, all strategies are either laborious, tedious or economically not feasible. To alleviate the above issues, the best possible solution is creating transgenic plants. Transgenic plants can act as bioreactors which are cost effective and will ensure uninterrupted production of phytase. Application of phytase over-expressing transgenic plants is depicted in (Fig. 1 ). Role of phytase expressing transgenic plants in sustainable plant nutrition and P recycling P is the one of the key element in the plant nutrition and it plays crucial role in almost all metabolic processes such as respiration, photosynthesis, signal transduction, macromolecular biosynthesis, N fixation in legumes, energy metabolism, and enzyme regulation (Singh and Satyanarayana 2011; Sharma et al. 2013; Azeem et al. 2015) . P is the non-renewable resource and its absorption by plants is poor due to its conversion to unavailable predominant organic (P o ) P form. The prevalent form of P o in the agriculture soil is inositol hexa and penta phosphates (phytates) and it represents approximately 60% of P in the soil (Tarafdar and Jungk 1987; Mudge et al. 2003; Stutter et al. 2015) . Due to poor solubilizing property of phytate, it cannot be directly absorbed by plants from the soil, thus repeated application of inorganic P is required to promote crop yield. Less than 30% of the applied P can be used by plants (Norrish and Rosser 1983) and inefficient utilization of P eventually leads to soil infertility (Gyaneshwar et al. 2002) and environmental imbalance. Inorganic P is an exhaustive phosphate reservoir and is expected to be depleted by 2050. Hence, P availability would become a serious issue in future (Vance et al. 2003; Abelson 1999; Singh and Satyanarayana 2011) . Thus, it is essential to utilize the existing P sources judiciously for sustainable development. It has been proposed that if we use the globally accumulated P in agricultural soils in sustainable fashion, it would be sufficient to sustain crop production for about 100 years (Khan et al. 2009 ). Globally, commercial crop seeds and fruits collectively produce approximately fifty-one million metric tons of phytate annually (Lei et al. 2013) and it is equivalent to about 67% of the annual P utilization in manufacturing P fertilizers (Mullaney et al. 2007 ). The statistical facts related to phytate revealed the prominence of phytate-P for P recycling in the soil.
Bioengineered phytase crop plants
There are various strategies to improve the P availability from soil to the plants, such as addition of P solubilizing microbes to the soil, addition inorganic P, etc. But these processes are tedious, laborious and expensive. Hence, development of transgenic plants over-expressing phytase in roots would be the best solution to address reduced availability of P in most soils. Therefore, several attempts have been made by researchers to reclaim the sustainable P utility, plant nutrition and ecological balance ( Fig. 2a ). Model plant tobacco has been engineered to express BsPhyC and AnPhy genes encoding phytase. BsPhyC over-expressing transgenic plants exhibited improved P assimilation and better yield in terms of increased flower, fruit number. There was improvent in IP6/IP5 ratio but the transgenic plants produced small sized seeds (Yip et al. 2003) . AnPhy gene harboring tobacco plants acquired significant P (more than 52% than control) from soil in the presence of phyate ameliorate condition (George et al. 2005 ). However, it was concluded that exudation of phytase by plant roots is alone may not be sufficient to improve plant nutrition and it would require supplementation of P fertilizers. Another model species, Arabidopsis thalina, expressing extracellular phytase (PhyA) was as effective as P i supplied control plants in yielding comparatively which indicated that there was no requirement of additional P supplementation (Richardson et al. 2001) . In another study, Mudge et al. (2003) showed tissue specific promoter would be ideal for driving gene expression rather than constitutive promoter. They proved Arabisopsis plants expressing PhyA gene driven by phosphate transporter1 promoter is effective than CaMV35 promoter in performing better in P deficiency conditions and show improved plant nutrition. Li et al. (2009) also expressed AfPhy gene under the regulation of root specific pyk10 promoter in soybean. The transgenic plants exhibited phytase activity which can mitigate P related problems. Expression of Arabisopsis purple acid phosphatase15 in soybean also improved P acquisition efficiency which improved plant dry weight and P content ). Potato and sweet potato expressing secretory synthesized phytase and E. coli APPA, respectively, improved P utilization efficiency and resulted in 40% P accumulation in potato leaves and improved vegetative growth and yield in sweet potato (Zimmermann et al. 2003; Hong et al. 2008) . Extracellularly expressed phyA in cotton significantly enhanced P utilization from soil phytate (Liu et al. 2011) . Over-expression of AnPhyA and EcAppA in Brassica napus greatly boosted phosphorus uptake, plant biomass and seed yields in the presence of sole P source (Wang et al. 2013) , whereas in natural soil, organic P utilization efficacy was enhanced in Medicago truncatula when the same genes were over-expressed in it (Ma et al. 2012) .
So far 12 various crop plants have been engineered with phytase gene and heterologous expression of phytase enzyme in plants demonstrated that it is an ingenious way for sustainable P utilization ( Fig. 2a ). Bio farming of crop plants with phytase is economically feasible and expression of recombinant phytase has lofty potential in elevating plant P acquisition from soil phytate. Numerous experiments proved enhanced phytate-P availability in soil by expressing phytase gene in transgenic plants (List- Table 1 ).
Role of phytase expressing transgenic plants in sustainable animal nutrition
Phytic acid synthesis starts at cytoplasm and it is transported to vacuole at seed maturation stage (Raboy 2007) . The seed contains almost 80% P in the form of phytic acid and it accounts 1.5% of dry weight (Bohn et al. 2008) . Phytic acid thus get incorporated in diets of people who consume cereals and legumes as their staple food especially in the developing and underdeveloped nations (Kumar et al. 2010) . Monogastric animals including humans have limited ability to digest phytic acid and it can easily bind to positively charged cations and form insoluble complexes (Raboy 2001; Joshi and Satyanarayana 2015) . Additionally, it shows negative impact on protein, lipid and carbohydrate digestion as well as their utilization (Cheryan and Rackis 1980; Vohra and satyanarayana 2003; Lee et al. 2006; Kumar et al. 2010) . The daily consumption of phytate is approximately 2000-2600 mg (Reddy 2002) . Therefore, monotonous consumption of phytate containing cereals and legumes cause micronutrient malnutrition. Addition of inorganic P to the animal feed is common practice in livestock industry especially in swine and poultry to accelerate animal growth, which is not only expensive but also results in the poor utility of P by the animals. The excreta of these animals containing phytate become the leading cause of eutrophication when the same enters aquatic ecosystem via surface runoff (Joshi and Satyanarayana 2015) . To mitigate the above problems and for sustainable development, exogenous addition of phytase to the food and feed is recommended. Unfortunately, effective phytases derived from microorganism is not acceptable to be added into food and feed without purification and since the purification process is laborious and time consuming, it becomes quite infeasible. Thus, heterologous expression of phytase in crops plants would alleviate above all problems (Fig. 3) . Hamada et al. (2005) Several attempts have been made to improve monogastric animal's nutrition and to mitigate eutrophication. All the experiments were carried out mostly with microbial phytase from A. niger, Bacillus subtilis E. coli. The first attempt made by Pen et al. (1993) demonstrated that the transgenic tobacco seed expressing A. niger phytase has beneficial effects on P liberation and the chicken fed trails showed enhanced broiler growth rate than commercial phytase or Pi inclusion. Same gene when expressed with KDEL signal peptide in transgenic canola seed and fed to chicks, there was comparable improvement in broilers weight similar to the control birds that were fed with feed containing commercial phytase (Peng et al. 2006) . Similar results were noticed by Denbow et al. (1998 ), Brinch-Pedersen et al. (2006 in their studies where they employed fungal phytase expressing transgenic soybean and wheat, respectively, to feed broilers. Recombinant corn expressing E. coli APPA when fed to broiler chicks exhibited increased mineral retention including (P) (Ca) (N). The results concluded that transgenic corn is as effective as the commercial microbial phytase and thus it minimizes the additional supplementation of dietary P (Nyannor et al. 2009 ). Six microbial phytases were expressed in Chlamydomonas reinhardtii and the results concluded that efficient expression depends on N-terminal signal peptide and the codon optimization. The aim of the study was to investigate whether microalgae produced recombinant phytase can be fed to chicks to reduce the P faecal excretion and to reduce the chances of eutrophication. They fed Chlamydomonas expressing E. coli phytase to young chicks and the results indicated significant reduction in phytate excretion and inorganic P in the bodies of the birds increased by 43 and 41% (Yoon et al. 2011 ). Chunqi et al. (2014 fed the plant transgenic corn expressing AnphyA to hens and it resulted in increased P digestibility than the conventional corn without posing any deleterious health effects. Genetically modified corn expressing AnphyA was fed to growing pigs; the results showed elevated P absorbance and decreased phytate content in excreta (Li et al. 2013 to human intestine cacao-2 cells, exhibited improved iron uptake and decreased phytate content (Drakakaki et al. 2005) . In another study, the introduction of E. coli phytase in rice also improved P assimilation and other nutrients availability (Cheng-Chih et al. 2008 ). All these above findings indicate that expression of phytase enzyme in plants can be the best alternative to the commercial phytase which would improve ruminant nutrition, ensure safe environment and sustainable P management.
Role of transgenic plants expressing phytase in ecological development and sustainable P management
P is crucial for life on earth and it is an indispensable element in nucleic acids, phospholipids, phosphoproteins and takes part in cell signaling. P is essential macronutrient for plants that ensures universal food security (Cordell and white. 2015) . Despite the fact that mined P led to green revolution, repeated use of P fertilizers will deprive the P reservoirs and the year with peak P utilization has been estimated to be 2033 by Global Phosphorus Research Initiative (GPRI) (Cordell 2010) . After Peak P, the production of P will gradually decrease and P repositories will diminish within a century (Cordell and white 2014) . Thus, appropriate action is essential to maintain nonrenewable P resources for future generations and to better crop yield, otherwise, global population would be affected by acute hunger (FAO 2015) . In 2007-2008, cost of di calcium P was $200-$250 per ton whereas currently its cost is around $1200, which means that it has increased by six times (Lei et al. 2013) . Applied P to the plant hardly utilized (approximately, 30%) while the rest is leading cause of eutrophication. P is the most frequent limiting mineral in the livestock feed, and fodder as approximately 3 g kg -1 P exists in the form of phytate (Selle et al. 2007 ). Due to poor digestibility, phytate is not accessible for ruminants thus additional supplementation of Pi is common practice to promote swine and poultry growth. One pig can excrete 2.3 kg of P in their life cycle, for instance, US producing 600 million pigs annually can cause huge loss of P. Another serious concern of excessive P leaching is eutrophication which causes serious problems to aquatic animals through the formation of algal blooms and dissolved oxygen concentrations; known as dead zones and such dead zones as of now are around 400 across the globe (Diaz et al. 2008; Scholz et al. 2015) . Supplementing commercial phytase to animal feed reduces and decreases 50% fecal excretion of P. It took around 90 years to launch commercial phytase into the market and currently it accounts for huge market value of approximately $350 million annually (Lei et al. 2013) . Therefore, the inclusion of phytase to animal feed would reduce supplementing of Pi, excretion of P and as well as it would maintain sustainable P utilization. Repeated addition of commercial phytase is not economically feasible and it requires labour for production and for addition to the animal feed. Thus, we propose that if we generate transgenic plants over-expressing phytase it would address various issues associated with phytate. Several studies elucidated the transgenic phytase crops role in sustainable P management and ecological development, for example, transgenic maize and Chlamydomonas over-expressed E. coli appa phytase feed trails showed improved broilers growth, less P excretion and minimized P requirement (Nyannor and adeola 2008; Yoon et al. 2011) . In another study, Anphy over-expressed corn was exhibited greatly utilized phytate content in human gastric CaCo 2 cells which means less phytate excretion was observed (Drakakaki et al. 2005) . Transgenic phytase expressed canola feed trails showed it could be alternative to commercial Natophus phytase (Zhang et al. 2000) . P deficient conditions plant may adapt specific mechanism to obtain P from soil by secreting acid phosphatases and root hair elongation, etc. (Reddy et al. 2017) . Numerous studies also proved acid phosphatase or phytase over-expressing transgenic crops greatly utilized phytate content from soil (Mudge et al. 2003; Jin et al. 2004; Lung et al. 2005; Xiao et al. 2006; Hong et al. 2008; George et al. 2009; Kuang et al. 2009) (Table 1) i.e., transgenic phytase crops may require less P as well as farmer need not to apply much commercial P. Thus, nonrenewable P mining will be limited therefore P can be utilized sustainable manner. Hence there might be less or no P leaching that would help to maintain healthy environment and also attenuates eutrophication ( Fig. 2b-e ).
Constraints of phytase engineered crop plants
Although phytase expressing transgenic plants are beneficial for plant and animal nutrition and ecological development; there are issues like loss of seed viability, yield, susceptibility for environmental stress, non-acceptance of Genetically Modified Organisms (GMOs). Among all phytases, fungal phytases are best suitable for generation of transgenic crops for animal nutrition improvement. Unfortunately, it liberates all the Ps (6P) from my inositol ring, which might lead to seed inviability. Low phytate or lower inositol molecules are the key messengers in cell signaling and transduction. Thus, complete degradation of phytate would lead to stress susceptibility and lower yield (Raboy 2009 ). Bacillus subtilis and plant originated phytases dephosphorylate only 3 and 2 phosphates from inositol ring, respectively, but Bacillus phytase works at basic pH which is not suitable for ruminant gastric pH.
Further, plant phytases activity is very low (Rao et al. 2009; Reddy et al. 2013) with poses constrain in their utilization. Expression of phytase in plants can alter the plant or seed morphology. Yip et al. (2003) reported small seed syndrome which resulted in lose seed viability in tobacco. Field trials involving low phytic acid (lpa1-1) maize mutant showed 6% yield lose and delayed flowering and huge effect on germination and stress tolerance (Raboy 2009 ). In barley, low phytate (lpa-M955) condition (developed by blocking of phytic acid biosynthesis) inhibited cytokinin, ethylene pathway related genes thus altering signal transduction (Bowen et al. 2007) . Phytate is associated to biotic abiotic stress tolerance, for example heterologous expression of mammalian Type 1 Ins polyphosphate 5-phosphatase in Arabidopsis, revealed elevated drought tolerance (Perera et al. 2008 ) and Dhole and Reddy (2016) showed PA is also essential in addition to stress responsive genes for Yellow mosaic virus as well as powdery mildew disease tolerance. Thus, tailoring phytic acid in crop plants would lead to susceptibility to biotic and abiotic stress. Biotechnology based GM crops cultivation provides numerous benefits to farmers by increasing yield, profit and declined pesticide application to the tune of (28%), (68%), (39%), respectively, and it meets the food requirement for emerging global population (Lucht. 2015) . Although GM crops are beneficial, the protest or skeptical attitude from environmental nongovernmental organizations (NGO), societal frame workers and policy makers, affect the consumer attitude towards GM crops (Zilberman et al. 2013) . For example, most of the nations from Europe are strictly opposing GM food crops, thus, implementing this technology is not that much easy. Globally more than 70% of the GM crops are used as animal feed to feed 100 billion animals, but there is no detrimental effect against health and performance (Fernandez-Cornejo et al. 2014) . Therefore, production of transgenic crops expressing phytase may not be an issue. Phytate being an anti-nutrient, efficiently bind to free radicals such as iron ions and act as an antioxidant (Raboy 2003; Kumar et al. 2010 ) and rescue cells from oxidative stress. Numerous studies revealed it works as an anti-cancer agent by suppressing cell proliferation (Midorikawa et al. 2001; Shamsuddin 2002; Somasundar et al. 2005) . Since phytate helps in by suppressing viral replication, it might work as an anti-HIV agent (Otake et al. 1998 ). Phytate intake is negatively correlated to blood glucose level and works as an anti-diabetic agent (Larsson et al. 1997 ) and helps in reducing serum cholesterol, triglyceride level phytate thus protecting human and animals against coronary diseases (Jariwalla et al. 1990; Persson et al. 1998 ). If we degrade phytate in seed, human or ruminants may lose these beneficial effects. However, extensive clinical studies are essential to support these above mentioned positive effects of phytate. Numerous studies on the other hand have proven negative effects of phytate in plant, animal, and environment. Hence, it is mandatory to pursue further research to improve the phytate related problems through genetic engineering.
Conclusions
Phytatic acid is the major repository form of the P, which is not digestible by simple stomached animals. The estimated global commercial crop seeds and fruits collectively produce fifty-one million metric tons of phytate annually equivalent to 67% of the annual P utilization in manufacturing P fertilizers. This phytate is considered as anti-nutrient due to its strong negative charge, which can be easily attracted nearby positive ions. Thus, animal and plant nutrition are greatly affected, and also it is not only an antinutrient but also causes eutrophication due to improper P utilization. The enzyme phytase was introduced for sustainable P utilization. After launching commercial phytase, the phytase market value enormously increased due to its potential applications in nutritional improvement and reduced P related problems. Several nations (22) mandated that phytase could be added in animals feed to resolve the eutrophication. However, phytase purification is expensive as well as laborious. On the contrary, engineering of crop plants with phytase gene is inexpensive, economically feasible and is also amenable to widespread acceptance and utilization. Bioengineered plants over-expressing phytase, not only improve animal and plant nutrition but will also be useful for protecting the environment in addition to paving way for sustainable P management. Hence, several attempts have been made using this approach and better results have been obtained in terms of improved animal nutrition and P utilization. However, further studies are necessary to assess the feasibility of transgenic based technology for addressing the problems associated with phytate consumption.
